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Prokaryotic Expression and Immunogenicity Analysis of the Lumpy Skin Disease
Virus ORF132 Protein in Mice
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Abstract: This study aimed to prokaryotically express the lumpy skin disease virus (LSDV) ORF132
protein and evaluate its immunogenicity. The ORF132 gene was expressed in E. coli BL21(DE3),
purified, and emulsified with Freund's adjuvant. Mice were immunized with 100 pg of the protein per
dose. The results demonstrated that the ORF132 protein elicited high titers of antigen-specific total
IgG and a significantly elevated level of IFN- vy secretion compared to the PBS control group.
Furthermore, it induced significant lymphocyte proliferation and a high neutralizing antibody titer.
These findings indicate that the ORF132 protein is an immunodominant antigen capable of inducing

robust humoral and cellular immune responses in mice, providing a promising candidate for
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subsequent multi-antigen combination studies and bovine trials.

Keywords: lumpy skin disease virus; prokaryotic expression; ORF132; evaluation of the immune

effect
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Z: BRI 7R B 5 R K B Bk XJ201901
(OM984485. 1) , %% F k)5 , ORF132 JL K iy KX
HERE W E AR BRA A A A, 7B pCold- 11 2k
b BRBOTORL R b 2 K AT I BL21(DE3) , $kHt
FH P 5 B 2% 28 7 980T B AR 0 R A BR S R OY .
PRECR SRR 7%, IPTG 16 °Ci5 % 20 h, B0 IAR T
R BB 2% T 15 mL PBS Z il h , R IG 78
UK HH OB 75 B RE 45 min, 10 000 g B0 10 min RLK
EVIVEY) . F IR Jr B R AT AR AR Al Ak
SDS- 5 N #5 Bt i B I . 7k (SDS-PAGE) % & 4l
b, JF M A BCA 2 /1 I 7 3 77 &5 I 5t 562 nm &b (1)
WA , LA BSA b b o 8 1, K600 8 1 v 3
1.6 EZHZEH Western blot £

X} 42K AT SDS-PAGE ¥ 5 4 45 1 #: #

T PR 2T 4k 2 B8, 506 JBEAE W5 4 3 A1 7, TBST
WS, A 1:5 000 # B BT His L4k, IR FH
2h, TBST P 5%, i A 1:20 000 # B 19 HRP-111
P/ IgG, FiREE 1 h, TBST P 5 Jm Bl
A B ECL S (8, ko't il A S 806 BSR4
RGO, IR AE
1.7 EEAEMNINRERERF

6 Jiil 0% 1) E R BALB/c /Iy B CTC R 22 0 Jt 40 ) B
BEHLAT BRI A 24 . A /N REEFP 100 pg T,
B IR Eh 2% wh K (PBS) W i 2 11 5 58 42 9 G445
(Sigma) % 1: 1 ¥4 , JH T58 — IR R #Fh s 558
2 9 [ 7] (Sigma) #5 T 58 R (5 14 X)) 9%
WM. M4, ORF132 X 56 41 Fl PBS X IR 2H %%
10 HUNEL X PR T 5 S5 R LR PBS, 78 5 IR Fa g
TR Z A0, %8 /N BREAT R 0 R i LA AR BRI 3 o

BALB/c mouse
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Fig.1 Timeline of immunization, blood and tissue sampling

1.8 ELISA & il i & 5 4 7 B

RS B 92 /0N BRI T P A AR R S R AR (1gG L
IgG1 1 1gG2a) . ELISA #i#E 4 °CF 100 pl- L~
EHEAMUHEER, H&H 0.05% miE 20 9 PBS
(PBST) W =, 5% B Wk &1 2 he 5Bk
B PHWIS 8 i B 1 1008 A i AR L, 37 CIRE
H 2 he SRJGINA HRP- 1L/ R 1gGL, 37 CBEE
1he MIA TMB & 4% , 20~30 min 5 H H,SO, &
1B SN o 7E AL AR 32 s 2 B 450 nm &b D' %
(OD).
1.9 UE /)y BR B itk B 48 B IFN-y 7K 37

Yo EAE RN 0 28 d A 42 d, 4l /IS BRI B 40
53 BSR40 1 /0 B AL IE 9k L A0 B /0 TR R A g2
BE A5 (ELISpot) i 7l & & Ml IFN-v, RPMI-1640 %
FRFIEE 30 min, 2> 10° 4~ 40 i - FL "4l B, 2 )
T, B AR BAE SR BA X R 100 pgemL ' I ELEEH
A IR A48 R AR Sy 0 B TS 0 X B, 37 "CHE 3R 36 he
F ELISpot [ 52 %5 71 50 5508 i 40 L (SFCs) o

42 Days ¢ Blood Collection

(*
<

Spleen lymphocytes isolation

Weight

* i

Euthanasia

1.10 # B 0B 5 K 08

o PEREFP S Y 28 d 142 d, JEAT Ik 0 200 i 189 5 3
5o AR 3 /0N B B TR B A0 i b 3 96 L (AL
2X10° A4 B ) H i A AR R B9 8 (100 pgemL ),
37 ‘CH; 3% 36 h, RPMI-1640 By JC 41 g 555 35 FLAE
T2, Bk U 4 B AR Dy BT R ) Gk A
(ConA, 100 pg-mL ") AE N BHPEXT B . MTS fin
ANEFL,7E 37 CEE 4 he S2HL450 nm &b 1Y W6 &
{E o IS B0 e R« (R AR ODfH — 35 5t
HODME)/(BAMEX 4 OD{H — 541 OD ) .

1.11 TR EEPCRENEEHEEXERN
mRNA Rik

K S5 8 B PCR(qRT -PCR) A6 0 % 3k
EL4H T, Th2 B4 R 7~ (1L-4) A4 4R 1~ (11.-6)
T 20 B R (T -10) A5 KAE 40 7 (TNF -o)
) mRNA B 58 Ko T & 520 PCR Y514 W&
1,4 1 4. 95 °C 305,95 °C 5 s F 60 °C 30 s, 40 1M
W, A mRNA Fik Kt 2 9k R,
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#&1 qRT-PCR3|#F5I
Table1 ¢qRT PCR Primer Sequence

GIEY B3 J¥ 31 (53" SR SR S /C
Primer name Sequence (5>3") Primer annealing temperature
I1L-4-F ATGAATGAGTCCAAGTCCACATCAC 59.3
IL.-4-R GAGACCCTACGAGTAATCCATTTGC 58.1
IL-6-F ACAGAAGGAGTGGCTAAGGA 58.2
I11.-6-R CGCACTAGGTTTGCCGAGTA 57.7
I1L-10-F GGACAACATACTGCTAACCGACTC 58.0
IL-10-R ATTTCCGATAAGGCTTGGCAACC 58.0
TNF-a-F TTCTGTCTACTGAACTTCGGGGTGATCGGTCC 57.3
TNF-a-R GTATGAGATAGCAAATCGGCTGACGGTGTGGG 59.6
GAPDH-F AGGTCGGTGTGAACGGATTTG 58.5
GAPDH-R TGTAGACCATGTAGTTGAGGTCA 58.7

1.12 FEPFNREZMNE

B MDBK 40 i 29 & 1< 10" 4N g i - fL ' A2 4
i T 96 FL M P, R A L ¥ 56 “C K3 30 min, [
DMEM ¥ Ifil ¥ 3175 2 45 45 LL & 50 Fis %, 5 43 1l 7
B AAFATEE KO 2 S iR 3 5 00 R 45
R K R 7 B OB AL 200T CID;,, # B BH 1 XF
B, 37 CIRAEMEE 1 h, LWL 7 d, )& 1 K 1ML 7
Y 955 A5 15 O, AR P8 Reed-Muench ¥ 3+ 58 wp 1 $i 14
Kt
1.13 %t o
fdi F GraphPad Prism 9. 5. 0 k47 246 56 50 #7 o
A R 3 (H RN AR 22 () .
P<<0.05 B B2, ol A gt - A
B 5 R 8 19 AH R ARl , Horhx. P<€0.05; %, P<<
0.01, ***_ P<C0.001, **** P<0.000 1, ns. J&

Elk

FR2 ORFINEFH—RFIIMHREYE G SR IT R

2 & B
2.1 EAREUER.ABEE REE. 2ERE.
HeHEmEH

i URP T H 3EFT 43047, LU B LSDV ORF132
B WP M O e R B AR T A L SR BOR
Vaxilen 2.0 Al ANTIGENpro i il & $it i 1 M
0. 308 3, Allergen FP v. 1. 0 fil AllerTop v. 2.0 {7~
i 38 25 1 T i ek (3R 2) o AR 4iE Protein Sol IR 55 #%
o 25 2R, e 5 F 0 ik B 0. 539, 2 I 48 it JE
o B, DL R AR R B X 8 LSDV 3 92 1
Al AE 2 A A B BT R A= 5 79 1 R 0K v e 1 R 1Y
FEM . B TI%F 5, 8] Robetta IRk 55 5 %) 2 1119 =
PLER AT HAR . SWISS-MODEL T %5 ] £ il
) Ramachandran [& f 7 , %) 46 A5 AL A7 95. 06 % 14
Ramachantran A #] X 1, 0. 22 % A Ramachandron 5
WX 0. 23 % ) Rotamer 5 5 X 48

Table 2 Antigenicity, allergenicity, and physicochemical evaluation of ORF132 protein primary sequence

s X4 . AFasE iR
paEn amun  TIET g AREIRE

. Ji i /ku : Efik EfeR Pl B T i
Viral Number of Theoretiacl o . . RBL(:N L . .

. . . Molecular Instability ~ Aliphatic | Antigenicity  Allergenicity ~ Solubility
protein amino acids . p . . GRAVY
weight index index

ORF132 161 17.69 7.05 18.51 94.35  —0.210 0. 3083 PROBABLE  0.539

ALLERGEN

2.2 EAFAFBRIEIEREFAM&LERIE
XU 11) 56 E ¢ UH EE 2H 3% ok R A b A i oy, 45 )
A RN H I 44 (K 3A) , HHIPTG s S R i

W BL21(DE3) #l 5 41 ii #i pCold Il -ORF132 ik
HEHE M 20 h, #af SDS-PAGE #: 1l ORF132 1%
FiBIK-o TEIPTG 5 5 09 4 i b s AR X 43
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Fig.2 Three-dimensional structural model of ORF132 protein and its corresponding Ramachandran plot
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A. ORF132 &35 2 19 BUEG Y1 5030 (BamH 1 (Xho 1) (M. DNA AR 53 F B tmbriff 3 1. 5 FORL ; 2. BORL AR YD) s B. SDS-
PAGE(M. A X F B bR fE; 1. R£F S pCold 115 2. KiFEF A pCold 1I-ORF132;3. % F /9 pCold II-ORF132;4. %%
Ji R 7R AL A AN R 5. 5 S R A A A BT E ;6. 2lifk R 1) 5 C. Western blot Kl HE 41 8 11 ; D. Western blot £
DU/~ B LT 52z s

A. Double enzyme digestion validation of ORF132 expression vector (BamH 1 , Xho I ), (M. DNA marker; 1. Original
plasmid; 2. Plasmid double enzyme digestion) ; B. SDS-PAGE (M. Protein marker; 1. Did not induce pCold II; 2. Did not
induce pCold II-ORF132; 3. Induced pCold II-ORF132; 4. Induced ultrasound treated cell supernatant; 5. Induced ultrasound
treated cell pellet; 6. Purified protein; C. Western blot detection of recombinant proteins; D. Western blot detection of mouse
serum reactivity

B3 ORF132FRZEHAEHIWIE R SDS-PAGE . Western blot 3 i

Fig.3 Validation of ORF132 expression vector and SDS-PAGE, Western blot validation

2.3 NMNRIMFFHEREREIG. IgG1.1gG2a i N T O o AN A e = U7 N G 7 NS 3 o =/

RikKF

R THEHEAEAREN/DNREGRAS
RO RN R SR iR L e AN B W E AN N
Il ¥ #4781 42 ELISA . kil & IgG M IgG 1. 1gG2a
A B AR K, PAA BT 0.7 014,21 ,28 .35 fil 42 dpi
IF A8 B0 8 S o T IR BB I, 9 A AR K DR 4R
BAK K A 5 %) B4 2 2 5 (P<<0.05) . Jinig
BB I L S s A PR K P 500 5 IS B TR KT A
oM 25 TR (P<<0. 000 1) 53 % B, B 25 9 J 3]

IgG Hi Ak /K F ORF132 78 14 d L b TF, Fifi o 4 5
REZRAdIL TGS XA %S T PBS X
M (P<<0.000 1) (Kl 4) . R IgG1 By R kK78
21 d T AR = T PBS XHRZH(P<<0. 000 1),
IgG2a 1 3R 35 /K F L B % fo 928 B (0] 1 4 4% 10 38 20
A=

e 8 PR 43 B0 2 0 o R 5 M 1gG2a/
IgG1 HAE , DLVEAS S 2 i Th 1/Th 2 & #
IgG2a/IgG 1A K T 1B}, 1 BH G 55 507 A [a] Thl %4
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B B8 N2 T /N T 1A U B g 1) Th2 B 40 58 2%
Th1 Jz N B9 58 2 40 B G 5% A1 1gG2a B i) 7= A= .

AT AR — R B JE 1gG2a/1gGl L H KT 1,
42 d BF3E3T 1, Thl/ Th2 G i 2 8 6 S (8 4) o

Th2 Sz R B4 AE 2 A 98 %0 52, o ) 02 TgG 1 i 7™

A B
4 ] I PBS 4 HEEE REEE OREREE REEE I PBS
g3 =132 3 =132
a2 2
o
1
0 0
0 7 14 21 28 35 42 0 7 14 21 28 35 42
B /d I fa)/d
Time (d) Time (d)
C D
4 m mpps 4 = PBS
.3 =132 53 =132
g
o 2 a2
o o
1 1
0 0
0 7 14 21 28 35 42 0 7 14 21 28 35 42
B fal/d i fa)/d
Time (d) Time (d)

AL /MR 1gG PURZ LS B /NI 1gG1 HiH B C. /b BRI 1gG 2t A7E fhi % D. /N BRI 1gG2a/G 14t
PR . ns. P=>0.05;%. P<<0.05;%%. P<<0.01;%+*. P<C0.001;**xx. P<C0.000 1, F [

A. Trend of IgG antibody changes in mice sera; B. Trend of IgG1 antibody changes in mouse sera; C. Trend of IgG2a antibody
changes in mice sera; D. Trend of IgG2a/G1 antibody changes in serum of D mice. ns. P>>0.05; *. P<C0.05; **. P<<0.01;

#xk - P<(0. 0015 ***x P<Z0.000 1, the same as below
B4 PMRIFEIgG . IgG170 IgG2afifkk FRIE L

Fig. 4 Changes in serum IgG, IgG1, and IgG2a antibody levels in mice

2.4 /NERBE B 40 B IFN-y 43 i 7k 5

FE H BE 28 d AT 42 d /N BRI 2R 47 BORE o 43
B RE Rk e A I EAE AR S
Wy R, AP 20 M G 2 B o A LS s, 28 d B
ORF 132 4 43 #h TEN-y 119 I8 41 fg 550 6 4 g 2 & F
PBS 41 (P<<0.000 1) [RIEF, 786 E 42 d Bf, B e 4l
L I8 T 200 JiL TE N -y 1) 43 006 BL 28 d B AT 1 T iy e 4
HAH W35 T PBSH(P<<0.001), VA F45HR%0,
ORF 132 f# A] LAiF /0N BUEE T T 48 i 1Y) 40 i 4 92
SV 5
2.5 /NERBE B 4 At 5E 4 AT

S T VEAR G g% /0y BUMEAE T T bk T A8 i 1 3 4
T, FRATFH 28 d Fi 42 d B 43 25 B I U 76k O 40
G W0 G B B RN o E AH N AR TR RIBCR L e 28 d
W, B 5 K 7 B T PBS X MR . i B
T PBS X M2, 22 55 b 3% (P<<0.05) o [A] i) 7 f 92
42 d B, 845 K7 1 3% = T PBS X IR (P<<0.05) .

I A% 306 9 U bk E 40 ) 9% P R A, 1 N
PR, AR A 28 40 it 4 A e
2.6 REHEXEEMNERKE

i 3 qPCR G 6 AT bk E2L 240 G v G 88 A 6 2 1A
IL-4 IL-6 . IL-10 Fil TNF-a i) mRNA % 5% /K 3 .
IL-4 JL-6 . TNF-o 2 i X - 9 AH X6 2 S5 7K PR IR fie
PEGVI L, 2 SR 42 d s A B IR (&1 7)
BT F , ORF 132 41 %% 5% /K SF- #H % F X% 18 21 fe
ik 445 (P<C0.000 1) . fif #u95 21 v 4100 58 A IL-10
B KV 42 d i 35 TE R (P<<0.000 1) . BKFH
K, ORF 132 ft Mg it 1 4 0E K+ 1 % >k
2.7 HIninE

fifi FF 5 28 d Al 42 d B 1 3 A7 AR 56 )
FE LSDV b MR R M, 45 50 BoR , fE % )R 28 d
42 d, 5 PBS 4 M H, ORF 132 %0 5 41 (1) v A A4
R % i 3 2% 5 (P<<0. 001 8% P<<0.000 1) ,PBS Xf
W20 JC LSDV $5 PR 7= 2E 42 d h A i K
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A. The number of spots secreting IFN-y 28 days after immunization; B. The number of spots secreting IFN-vy 42 days after

immunization
E 5 ELISpot i/ 5 A% 20 B IFN-y 43 b 7K £

Fig.5 IFN-y secretion levels in mouse splenocytes measured by ELISpot assay
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AL BBESE 28 o I I 26 s B G S 42 d BN AT I
A. Spleen cell viability at 28 days; B. Spleen cell viability at 42 days
Bl 6 CCKSHill/ 5 A% wh B 40 B 1 58 K F

Fig. 6 CCK-8 assay assessing proliferation of murine splenic lymphocytes

AET 28 d i T (P<<0.01) , 45 R LK S,

7 R FG A A M X, B B L JE R R A

3 W

557191 B R 2 — i B M B R Sl e L 2
5 s ¥ A4 41 (WOAH, https: //www. woah.
int/en/disease/lumpy-skin-disease/) ¥l & i 4= 32 &
BB Z —, SE R E S E T, 2013
AF LSD AL 5 BN WCM | B 78 11 B & 2 A% 76, 4
5 HH A R Y I 2019 4R IF bR L vh

B # S T LSD R &N, 2019 4%, rh [ B IR AE
PG A M LSD, WE AR, Z A i E T
LSD %™, S T 1k LSDV By B — 15 1% , 24 20
K7 AT 99 107 R4 ), FR 1 A A2 5 i XS i
KM GPTV BEH (AVAL ¥R ) £ F03% 3h09 . SR
I, 4548 28 B 42 b o 8 45 R M), & A A 3800 4
Jit SF 4 1 W It RS HUIE A P AN 3R R 4 b RE I Bl
G FEDIREAR N (1 4= B LSDV [ KU .
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